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MMACIMINT Mt SSIMIZID ■ -* UNIT KM 
AN/AM-ISA 

!   (.FNFRAL DFSCRIPTION 

1.   Imlf.Ju.tinH 

The purpow "I ihn manual it to provide inatalla 
lanon. operating, and maintrnaiHr inttruction» for a 
H. |.| i, • mi MI Prrttunml K I I nit in hr us..I «nil 
AN/APS-ISA equipment». Thr* manual is intended 
in «in at a »upplrmrnt in ihr ' Handbook of M.iin 
trnamr Inttru« imin for Modrli AN/APS ISA anil 
AN/APVISH Airtratt Radar Fquipmrnt '' li i« Mjp- 
p.iec.1 thai ihr two hook» »ill hr us..I liHtrthrr. thrrr- 
lorr. n |« im..11 hat hrrn aeoulrd Raihrr than in- 
iludr n.iim t.nis n l.n in is and hminiKn, ihit rrpon 
«ill rrlt on timilarnt ol tr»t iml numhrring pro 
.. li.ii   lor trot» rrlrrrntr purpotrv 

.'    Putp4.tr «f I <f*ipmrml 

1 hr Rrplatrmrnt Prrttun/rd HI I nil for 
AN APS ISA it ...ml.I, lor I.. I.I modihtaiion of r« 
itung AN'APS I^A ra|uipmrni Ihit unit it alto 
tuitahlr lor nn»lihi anon of AN/APS-IS equipment, 
hut ihr nisiill.iiii.il it »lightlt in..i. dilhtuli II wat 
Irtignrtl pri.nitiIs i.. improtr ihr hraton rrtrpiion 
latilnwt ol ihr AN/APS ISA. Inn thould alto mull 
in . ■ ■.. ilrprndahlr radar oprralion and rrdutrd main- 
irnamr dilhtulne* An improermenl id mtirr than 
IS li.il« Is in beacon tenement and automat» in 
• ii..... i lontrol lor hraion reception ha\r hrrn pro- 
si.lr.l Alto. improcrmrntt hatr hrrn madr m thr 
ti|(nal   Sit    circuit* and  in thr  r I  tomponrnit 

Wnl, thr I'r.ssiiM/..! Kl I nit. the AN/APSIS 
modu i II..i it in..mm.I in an upright potition Ihit 
thangr thould nsi.li in a great It incrratcd lifr for ihr 

II modulaliH i nl« »In, h ss lii II oprralrd ui.ini.l 
ht ihr I H'I'II Air Forte, had an atrragr life ol Irtt 
than  S(l hourt 

•   / '•    • i/ii urn of < ompomtnli. 

a    l-rmrrjl   I >i.. npin n 
Ihit kit lontaint all pant rrquirnl lor ton- 

trrtrnn of an AN7APSTSA inttallr.1 in a B-l' mH.'i 
airs rail     ll tontitlt ol ihr following pant 

III    I'n ss.,n/..l    R   I     I   nil.    setlnh    ill. I...'is 
I« I   I >u|'lt»r   ssnli   broad-hand   AIR  tuhr; 
ih>  Solenoid  oprratrtl   IR   tuning   plungrr   lor 

hraton rrtrpcion. 
It I   llouhlr     n.si i     protnlmg    trparalr   «rtttalt 

lor receiver, radar AF< . and hraton AM . 
I Automat H frequent t lontrid tirtuit» lor 

t»*ri radar ami hraton mrption. 
I« i % KW hand,    three et age    prramplihrr    t»tth 

grtdttia» gain toairol. 
if l   keep alter Mipplt for thr   IK tuhr 

(2) Ausiliary Power Supply, to be mounted inside 
the  RWAPS-ISA  Rest is rr I ml K a tor. 

($> Mounting frame for R-F I'nit, Modulator, and 
Antrnna Assembly. 

14> Mounting hr«cket for J1 SB/APS-IS Junction 
Bin. 

(9) Interconnecting R-F Line*, including direc- 
tional coupler. 

(6)   I xit'iiMons for cable* I, J. and S. 
<7)  Vibration mount*. 
18!   Miscellaneous  haidetaic—nut»,  boil*,  etc. 
The mounting bracket* and cable eitemion* arc de- 

tignni for in*tallatinn in HI" aircraft but are aim 
applicable lor in*tallation in H -i or PBlYI aircraft. 
Figure 6-1 thoset a markup ol the Replacement I'm 
turned R-F I'nit installation for B-l? aircraft. 

h. She aw*f I "tight of ( ompomrmti. 

The tire and weight of the component* arc tabu- 
lated I« lost Some of ihrer replace part* in the orig- 
inal  imt.ill.inon     (See paragraph c below. I 

( ompomrml U tit hi 
(/••> 

I'nssiiri/e.l R-F 1 nil ■J 
Aunliare   Power Supply 6.9 
Mounting  Ba«r 11.0 
Antrnna Support Rod* (4 I 2.6 
R-F Line* 

Tran*mittrr Line, /I 1.0 
Input Line. /.' .7 
Output Line, /* 1.3 
Alignmrnt Set (ion, /. I .1 
Flctihle Line, s 1.2 

Rratkrt lor  lm-.ition Bo* A 
(ablet 

BB 
II 
Jl 

19 

1*1 
Vibration mount* (A) 1.9 

Msximmm Ihmttmrmmi   (fa.) 
W                                       L II 
ll'j                                   IV, 15-7/B 
t',                                    III 1/16 9-5/16 

IV,                                   29-*/ll 7-3/S 
l*j dia.                             7-7/1 

C. Wright of Putli Ktmottd from tmMmmt B-l 1 
IH'IMUH:* The hrst two item* below are part of 
the original AN/APS-ISA equipment The other» are 
■nuallatHMi part* »upplird by the Army  modifccalMiri 

M210 



Duplex« and Preamplifier Aasembly 
R-F Lint Assembly 
Modulator Mourning Back 
*mkM—m Assemblies (4) 
Bracket for Junction Bos 

d. Nu V'tight Addtd M B-17 
ModifuHiom Kit. 

Tool weight of equipment added 
Total «eight of equipment removed 

»'•**» (Jb.) 
•LI 
U 

103 
4.9 

/■rtWtWtsw by 

54.6 1«. 
26.2 11» 

21.4 0». 
Net weight added 

4. lit/ •/ Vtumm Tihn f'ttj. 

All vacuum tu bet, crystal«, and rectifiers nacd in 
the Replacement Pressurued R-F Unit an listed be- low: 

a. Wrttimriud R-F I'mk. 

Ta*r Type 

IB24 TR Tube 
IBS) ATR Tube« 
IN25-AorB Crystal 
202I Gaa Tetrode 
2K2V72.U/B Klyatron 
6AK* Pentode 
23DI071 Selenium Rectifier 
IQ23 Beacon Reference Cavity 

Nmmb* 
Dud 

b. Amxilim, !>,*„ 5mpply 

TU., 

MJ4G 
VRltVM 
VRMO-jn 

1 
1 
1 

Typ* 
Rectifier 
Voltage Regulator 
Voltage Regulator 

II. INSTALLATION 

I. Ceorm/ lwiJUtion Imfonmatia*. 
a. CaMimg Ibamgti. 

Figure 8-1 ih»w« the electrical connection* (ts- 
cliNive uf R-F line«) to the R-F Unit. Theae conewc- 
tsosa are made through cablet K. AX. and BB. Cable 
BB it a new cable for AN/APS-MA. but the JMB/ 
APS-M |umtma hoi hat a connector for ihii cable 
which n uard with AN/APS-MB equipments. Es- 
ten« ions fur tablet I. J. and S are provided, 

b   Mtitvmul i bwmgn. 

The RTMA/APyM Traoimiiier-Converter. 
the AS-18A/APS Antenna I'mt are remounted with 
ike PrcsMiriatd R-F t nit. using the Mounting Bate tup- 
plied for that purpuar. Existing hole» in the ply. 
wuud mounting plate may be used eacept that itaall 
holet for securing the vibration mount» and the mourn- 
ing bravkrt for the JMB/APS-M Junction Boa moat 

«MM 

bt drilled «a shown  in Timm «.«    -n. 

«•ttag holt», M «how,, in rigm JJ■»*-* at», 

2. DnmUd ImsrtUkm fa*r»rrm«. 

tray. 

a.   Changes  10   RtttitttImdiilor   R16/APS-11A. 
(1) Remove receiver strip and in mountisg 

(2) Remove connector J203 (cable C oe la. 
ceiver-Indicator) from front panel to facilitate solder- 
ing new lead« to pins J, K, and L. 

(3) Install the auxiliäiy power supply over 
transformer I'-21)1. as shown in Figure 6-1 I'st «■ 
iating «crews and holet. 

(4 ) Pu«h the power supply cable leads through 
the chasm hole used for the leads in ihr A scope 
socket, and route the two long leads ( H>s> and IMhl 
along the large cable toward the rear uf ifit- indicator 
chassis, across the chassis, and to the- Iront corner, 
near J203. These leads should he pushed under the 
cable clamps and laced to the large cable. 

(3) Solder the ground (black) lead to the 
grounding lug on tube socket X-21H. 

(6) Solder the IMv ac (while) leads to pie« 
1 and 2 of T-201. 

(71 Solder the IMv (orange)  lead to pio L of 
J203, 

(8) Remove the lead from pin A of J204 (coa- 
nector for cable A). Tape the end of this wire a» 
prevent it from making contact with other circais 
or ground. Connect the l(Mv (blue) lead from the 
auxiliary power supply to pin A of J204. 

(9) Remove the lead connecting the Beacon- 
Search «witch, S204, to the Manual-AFC switch. S209. 
Solder a new lead, 11 inches long, to the same terminal 
of S209. 

(10) Solder the other end of the new lead of 
9. above, to pio K of J203. 

(11) Remove the Receiver Cain Control po- 
tentiometer, R289, from the front panel. Do not dis- 
connect the leads. Add a new lead. 11 inches bag. 
to the center terminal and fatten the poteniiousHir 
back into the panel. 

(12) Solder the other end of the new lead a» 
U. above, to pin J of J203. 

(13) Fasten J203 beck onto the front panel. ■• 
«ure to put the grounding lead under one of the four 
mounting   screws. 

(14)  Replace the receiver mounting tray- 
(I*) Replace R28I with a 2.000 ohm. 2< •"■ 

resistor. 

(16) Add a 40K ohm, 3 wan retisior free» 
300v to ground (pin 8 of V221 to ground lugi- 

(17) Remove the wire from pin 1 of J''« 
<—235«) of the receiver «trip ond tape the end- V» 

the 
and R1 

and V7 

Pretaur 
caior. 

the cot 
Allen 

J. B. , 
Unit ki 
both 
so thai 
the hi, 
clips on I 

of« 

of conn 

Bos cov 
plane i 



i*fr 
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■  its mounting 
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ing tray. 
*> .mm. i* mm» 

miMur from 

und lug ' 

.in   I  uf  H* 
the end.   I'M 

the lead fcWlWW the innermost contact of relay K701 
and 11741 (2.2 megohms I tn connect the innermost 
contact of relay K70I tu pin I of J704. 

(18) Remove- mhes VI». V?IO. V71I. V7I2. 
and V713, and cover ihute tuckets with masking tape. 

Mark the receiver «trip "Modified fur use with 
Pressurised R-F I'nil", and reinstall it in the Indi- 
cator. 

b. fknifr. to Jmnclion Bo». }\SB/APSAS. 

( 1I Remuve hack covet uf Junction Bot. 

(21 Remove high vnitage warning plate fioo« 
the cover and drill out the riven which hold the 
Allen (heil wrench clips. 

(31 Place the Juntiiun Bui cover and the 
J. B. mounting bracket, which is a part of the R-F 
Unit kit. together *> that hole» can he drilled through 
both cover and hraiket. The holet may be drilled 
so that the mounting hull» can he used to remount 
the high voltage warning plate and Allen wrench 
clips oa the hack of the mourning hracket. 

(41 Remuve cunnectur ('. from the Junction 
Boi and open the lacing near the connector. 

(t) Connect pin F of connector BB to pin K 
of connector C 

(6) Connect pin (j of connector BB to pin | 
C. 

(7) Remove lead I) of cahle K from the sec- 
ondary (terminal *) of filament transformer T-IWI 
and connect it to pin L of connector ('.. 

(8) Fasten the mounting hracket and Junction 
Boi cover to the plywuod mounting plate in the air 

! and fasten the Junction Bui to its cover. 

C Chmmgtl   In   T rtnimillrr I ami rrtrr   JtT-IMA 
APSIS. 

(It Remove the RT-HA/APS-I«. Trensmittee- 
Converter from the airplane. 

(21 Remove the preamplifier and duplcier 
aaseaabty from the bottom uf the modulator. 

(.41 Remove condenser OP and its mounting 
bracket. Cut off the TR keep-alive voltage lead and 
tape it to prevent accidental grounding. 

(4I Fasten the ad|ustahle mounting hracket 

in place as shown in Figure 6-V 

111 Fasten the transmitter r-f line to the mag 
netroa and then tighten the clamping nuts of the 
adjustable mounting bracket so that no strain it ap- 

plied to the magnetron. 

(61 Cut a notih in ihc bottom cover uf the 
Trasssaaitser-Cunverter to clear the new r-f line Fas- 

sea) the cover  in plate 

("i Fastctt the lour angle brackets used foe 
packte« the RTIVA/APVIVA 1 ram« met-Convener 

tt AmmUj. 

The  relative   location  of  the  u»ro> 
sembled ia shown in Figure rV4. 

(I) Removal of eitsting para: 

(a) Remove the r-f lines which interconnect 
the Transmitter-Converter and Antenna, and discon- 
nect all cables. 

(b) Remove the Transmitter-Converter, 
Junction Box. and mounting frame by removing the 
four nuts which fasten the frame to the shockmounta. 

(c) Remove the four shuckmount assemblies 
one at a time, replacing each one with one of the An- 
tenna Support Rods. 

(d) Remove the rectangular, plywood cover- 
plate and alter it as required to clear the vibration 
mounts when installed as described below. 

(2 >  ln,i*lUtu>n o/ avu  perlt. 

(a) Drill mounting holes in the plywood 
mounting plate as shown in Figure 6-V 

(b) Fasten the vibration mounts in place. 

(c) Anstrahle the Transmitter-Converter. 
Pressurised R-F Unit, R-F lines, and Mounting Base 
as shown in Figure 6-4. Note—Be sure to install rub- 
ber gasket» ai all waveguide connections. 

(dl Festen the assembly of (c), above, in 
place and attach the four antenna support rods to the 
Mounting Frame. 

(e) Carefully bend the flexible r-f line to 
form a 90   bend and fasten it in place. 

(f I Connect the pressurised hose from the 
MK-23/AP Pressurizing Unit to the fitting on the 
output r-f line. 

e. i.sblrt. 

(11 Connect cables I, J. and S from the JUB/- 
APS-U Junction Bos so the RT-DAMPS-13 Trans- 
mitter-Converter using the eitenaion cables provided. 

(2) Connect cables K. AX, and BB from the 
Jl'.bYArS-11 Junction Boi >n the Pressurized R-F 
Unit. 

(3> Cable C from the R7BMI*S-H Receiver- 
Indicaiar to the JI3B/APS-H Junction Box. must have 
!•■••* J. K. and I .-nnnectcd. The« wires may not be 
present and may have to be added. Sire No. In AWG 
wire is satisfactory. 

3.  Akumm   ImilaiUlton. 

The Antenna I'nit may he mounted solidly to the 
airplane and connected to the Pressurised R-F Unit by 
means uf leiible waveguide. In this case the Mount- 
ing Frame for the Modulator and R-F Unit should be 
supported by vibration mount» at the four comets; 
omitting the antenna support rods and the two middle 
vibration mount». 

hMtt I 

'".-#■ 
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f 
4. Mjmim—tt. 

a. Prttmrixing. 

The TtumuimA R F Unit end r-f UM at* prea- 
suriaed together. Use of frexible waveguide ben»*™ 
the Antenna L'pit ami the R-F Unit should eliminate 
«rum on the waveguide ioina aad the resulting air 
leak«. A pressure pump with dehydretor and auto- 
matic absolute preaeure control Mich a« the MK-23/AP 

or HIM VAP fhould he connected to the fitting on 
the output r-l line. The advantage of pressurizing 
■he local oscillator tubes it, of course, dependent upon 
the proper functioning of the pressurizing unit, which 
should he adjusted to provide a slight positive pfCHure 
on the ground (I or I p. t. i. I. 

b   Supph  loltsgt Rrt/Kirrmrmn 

The Auxiliary Power Supply and the Pressur- 
ind R-F I'nit arc designed to operate over a greater 
rangt of supply voltages than that specified for the 
AN/APS- IIA  equipments. 

I.  MnbamtnJ   Cltaramtf. 

Fffcciive protection from vibration requires that 
ample clearance he maintained between the unit and 
surrounding objetts to prevent physical contact during 
the normal flexing of the vibration mount*. If this 
a not dune the shock of sudden snubbing may cause 
greater acceleration* than thuar caused by the vibra- 
tion of the airplane. 

d.   1 ummf  \r<mh total (hfilUlor. 

The Pressurised R-F I'nit is adjusted at the fac- 
tory using a transmitter which operate* at approxi- 

mately W1 megacycle* per second. The tranamitter 
frequency of the AN/APS- HA equipment with which 
the R-F I nit it to be installed will probably be 
slightly different from that used at the factory. In 
this case, the cavity of the -JVAB (or 2K2<> ttmtb 
local oscillator (VI4 of Figure IM) will probably 
have to he slightly retuned. The procedure for tuning 
the search LO is described in section V, paragraph S. 

III. OPERATION. 

I    IMNIMSI of tt/mpmrm 

Ihe has«, functions of the AN/APS-I9A equip- 
ment arc not altered by the addition of the Replacc- 
eacwi Prrssuriard R-F Unit. Beacon operation ia sim- 
plihed and renedercd more useful by the provision 
of autumaiic frequency control for "luning-in" bea- 
cons and h* an increase in beacon range resulting 
from inspected r-l components 

2   liHMtom rmd fmniltnm of f omtroli. 

(aal) two change* have been made in the func- 
tsua ul csitting controls, no controls have been moved, 

■"d "*• new luniroU have been added. The A-scope 
•witch ao lunger gives the AFC discriminator output 

to puHiHm  », that pueiitua gives nothing when the 

«Ho-ntic fr*,u«*cy control E^"** 

fed. operation, when tha, nvitch U^,£ Z?" 

jmon and the Se^h-Be^on switch kVSJF» 
position. 

3. Starting. 

-o, cUTngS""8 PnndWt *" tht AN/AK-»A ■ 
4. Slopping. 

»o, c2nfS
PPin* pnnJm *» *" AN/APS-IJA a 

IV. THEORY OF OPERATION. 

a. General. 

The AN/APS-If radar system perform, two 
general functions: the detection and locati.m of tar- 
get« within a certain area determined by the lystca'i 
««esign and performance (,r*rr* or radar oprratmm), 
andthedetettion and location of one or more groued- 
naaed beacon ttations by means of signals exchanged 
between the beacons and the interrogating radar (ew> 
ton operation). The Pressurized R-F I nit. at a kit 
inatall.tion in the AN/APS-MA set. enable, these two 
general functions to he performed with greater reli- 
ability and ease of operation than is possible in tht 
original, unmodified system, 

b. Pmturittd lit I-mit. 

The Pressurized R-F Unit (also called "R-F 
bead" 1 contains componcnu which perform four •pa- 
cific functions in the complete radar set. These feec- 
ttotu are described below: 

II) Duplexing. 

The AN/APS-11 radar set use* the tame an- 
tenna for transmission and reception. The iraramii- 
ting and receiving channels join at the Transatit- 
Receive (TR) junction, «ben the transmitted pulse 
(main bang") is directed to the antenna, wastage 
of transmitted power into the receiver channel must 
be avoided. Also, the receiver must he pr.Kected 
from overload and burnout (of crystals) due to the 
large amount of power in the main hang. The trans- 
mitted power is prevented from being dissipated i" 
the receiver channel, and the receiver i» protected 
from overload by the TR assembly. 

When the microwatt- pulse renettcl <"<"> ■ 
target ("echo pulse") returns to the- system, dissipa- 
tion of power in the transmitter channel must he 
avoided. The AIT» boa (Anti-TRl furnishes the 

"*'"'" ■»* which this dissipation is prevented The 
TR  and   ATR  hoses,  together with   the connecting 

wavognich which malj 
bitted in one unit whit 
duplex« thus brings ] 
the radar: the iransn 

(2)  Cotrmi 

The receist 
and radar or bc-.u on 
radio frequency ' r.f I 
This is done by combs! 
the received signal in | 
lator tube  is tuned 
quency  region lor r 
and is kept in tune hs 
control circuit.    The I 
intermediate tni|u«nc*| 
two other crystal mm 
function at a gisc-n 
for beacon reception. 

(1)   l'rrjmplih\ 

The Signal 
by the preamplifier. 
to  the   AN/APS-1SAl 
coaxial cable. 

(4)   Aalomatn 

In   the   AFC 
Mixer  output   is  useil 
search   operation,   anil 
output   it  used  to 
Operation 

C  Auxiliary   ft*u{ 

The  Auxiliary 
furnish the R-F tint 
•ga* at current tapat 
the original AN/APsl 
dilional supplies neir-a] 

plus HIS soli 
plus IM) 

These arc located i 
installed in tin- iiuln.il 

.ht A 

2. «Veil«»!«/ K I   f| 

a. R-F ( »mpuarnJ 

The r-f com|<oisj 
Wavcguule 
TR Bo« 
ATR Bos    I] 
RAH:   Alte» 
RAH   Mian 
Signal Miser 
BAK. Miser 
Search  It) 
Beacon It) 
TR 1'umng I 
BAFC: Rcferei 
Wave Selrcio 
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1 °° *■ K'H AFV 
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tH I    lurnuhrt   "• 

prrtrntr»!      Thr 
■ h   ihr ..HI™.      ■ 

Ml 

»atrguidr »huh make» up thr IK iiintiion arr mm 
' .1» .1  in nun «Im li 1» t.iili-.1 du    duplrtrr."   Thr 

dupleier ihn» bringt together thrrr lrparatr parti of 
ihr 1 ...In thr iransmittrr, thr mrivrr, ami thr an- 
trnna. 

I 2 I   < »■irtimr 

'lh* ictiivtr 11 i»l thr tuperheterodyne type, 
ami radar or hraton pultet mu»i he tontcrted Irom 
ratlin frequency I r-f I to intrrmrtliatr frequency (i-ft. 

1 In» 1» tionr by tomhining IIH JI OH illator |«i»n with 
thr receitrd tignal in a trytial misrr. Ihr lm.il ostil- 
lator   luhr   1«  tunrti  mnhanitally   to  ihr  tnrrect   Irr 

■ ■ •■ »    ni:    lor   iiiiiMiic   r »-i.«t   or  hraton   signals 
ami 1« k< pi in tunr hy meant ol an automatH lin|iunn 
tontrol iirtuii Ihr input to thr Ml iirxuii u at 
intrrmrtliatr frequency ami 1» ohtainrtl Irom onr ol 
tutu othrr tn»lal mitrr» I depending on thr operating 
I HIM 11..11 ji a given timr 1. OIK- lor ratlar ami thr othrr 
lor hraton reception 

I « I   l''rjmf>lihtalir,m 

Ihr signal Mixer output at if 1» amplihnl 
I»» thr prramplihrr Thr 1 I tignalt arr thrn .k 'Inert.1 
to   thr   AN/APVIAA   mriver   input   »u   a   '(»-ohm 
■ •Mtul . ll>lt 

I 11 AmlumMu I'. fan -• t I nmlml. 

In ihr AH! thastit, Ratlar AM 1RAK1 
Mi», t output it utrtl in tontrol |.C> Irequcnty lor 
tearth oprraiion. ami Hraton Ar( iHAFf 1 Miser 
outpui it utrtl to control l.O Irequency lor hraton 
operation 

1.    U«I/M>I   Pnurr  \mpph 

Ihr Autiliart Poster Vipplt 1» nrcestart to 
lurnith ihr R-F I nit stub thr nrtrstart H-plut volt- 
ages at .11111111 upatilM-t «Im li arr mrt atailahlr Irom 
thr original AS APN HA pottrr tupplirt Ihr a.l 

.lnioiial tupplirt nrtrssar» arr 
plut MA tollt ai til milliamprrrt 
plut I Ml toltt at  *» milliamperrt. 

I hrtr arr k»al«l on an atltlitiiinal sub thastit »hnh it 
intiallrtl in thr indicator pottrr tupply unit 

.'   PrriiarM«. HI   I mil 

a    K I t »mpumenli 
Ihr r I tomponrntt include 

Ml ttrguidr   iimnrttHm»   1   Rr   Plumbing   1 

1R Ho» 
AIR   Hot     IKiplrt.r 
KM«    Atirnuator 

K sM    Mitrr 
signal   Mitrr 
HAM    Mitrr      Camserirrs 

Nrarth   M> 
HratonlO 
IR   tuning Plungrr ami Asataiaied Rrlay 
HAM    Rrlrrrntr I a»it» 
WM  VUtluf 

Thr r-l components in ihe R-F I'nii funcliiMi rery 
um» li at in ihr r-f portion of ihr original AN/APS- 
Is A. however, thrrr arc trtrral channel ami refine 
men». 

The TR aajunhly protects ihe tignal »ryttal from 
main hang power overload hy prntlut mg a short t ir 
1 mi in« arc Pa— the transmitter channel and the 
tignal crystal during the transmitted pulse. The arc 
is initialed when ihe large voltage of the transmitted 
pulse is applied a» rot» the TR cavity. The short 
circuit is reflected to the TR |umturn so as to produce 
thr rftrtf of an open circuit at that point. Only the 
small amount of power necessary to maintain the arc 
it taken into the receiver channel from the main hang. 
I nlikt- the original APS-1A, the Presauriml R-F Inn 
• Im» not utr ihe »mall portion of main hang rnrrgy 
«huh leaks through the TR aasemhly for AFT. In 
order that an arc may he established quickly when 
thr main hang reaches the TR ho«, it is necessary to 
maintain a tupplv of gat ions in the tube. Tfut it 
.l.mr by meant of a »mall coniinuout gat dmhargr 
brtttren a pointed electrode and the cavity wall (the 
"krep-alitr" 1. A half-watr selenium rrctihrr ttttrm 
(ihe "kerp-alitr tupply") furnithrt ihr »(HI tolls at 
.'on muriMmperrt used for the ditchargr 

Thr arc extinguishes after the main hang, ami 
echo signals arr allotted m past thrnugh ihr IK sec- 
tion. Thr ATR bos performt its utual function of 
rt-Hnting rl powrr Irchn tignal nr hratim tignal I 
m ihr irantmit-reccitr lumtinn ami pnalucet thr cor- 
rect impedance at the minium so that nc-ghgiblr 
«ho rnrrgy it lott dot»n the transmitter thannrl. 

Main bang rneigy lor tearch AFC it nhiainetl hy 
tapping nff the main waveguide, thrnugh an r-f at- 
tenuator trctuin (RAM. attenuator I into a vrparate 
AFC. mitrr. Ihr search l<> feeds both ihe tignal 
miser ill rtfrn nr hraton »igii.il» patt through tin 
I R hot 10 ihe tignal murr I and Ihr K AM   mini 

A third mixrr it used tor hraton AFC The hea- 
ton l.O feeds the tignal miser directly, and In.I» r I 
rnrrgy through a tuned high-Q catily (BAM: easily 1 
mm the HAM   mitrr 

It» 11..n» transmit on a frequency different from 
those utrtl h\ airborne radar tytiemt II the TR 
tatitt it 1.mi.I in tine nf these frequency hamlt a 
irantmittion lott it tuftrrni hy tignalt at thr othrr 
in 1 im in » »nut- the IR it nut hrnati-bamleti emmgh 
in 1. .i|.i birth frequencies A tuning ttuh nr tlug 
nprraied hy a t«.. |aniii..n relay it used, iherefnre. in 
reiunr thr IK easily fnr heatnn recepiinn l-.r trarch. 
ihr ttuh it pulled out nf the tatitt ami ik«t mi tuning 
"Ihe tlighl lit. rim 1 nf tuning. »In. I. it sn important 
fnr resetting tignalt. has little effect <m ihe hrrak 
.lot» 11 tharactrrittHS nf ihr IR luhr during thr main 
hang 

A situation similar m thai of ihr I R cavity tuning 
esittt in the tasr of thr ATR hits Thr AIR ta»n» 
tuning and its distantr from the TR lunttiun arr hmh 

M 210 



if nnant lo the maximum uiilixetion tnf received 
saga*! power. If liar ATR do» a« produce the cor- 

net iatBtJaate (afro) at the TR junction lor both 
IIMIIIII and echo signal*, then one of these functions 
«ill suffer by wastage of tignal energy in the trane- 
aemer channel The Pretturiaed R-F Unit incorpor- 
iH a broad-hand ATR lube, which further increase* 
beacon receiving sensitivity over that of the original 
AN/APS- HA equipment. 

A wave «elector it provided to facilitate letting 
the R-F head. This is sometimes called a directional 
coupler because it provides a means of »king energy 
from the R-F head or feeding in a test signal with 
negligible effect from M to energy pasting the wave 
selector in a dirctlion away from the R-F bead. 

b.  Starth Kttrplion uilh Manual Turning. 

This operation it exactly the same as in the 
original AN/APS-It ec|uipmeni. The search LO os- 
cillate» and the beacon I.O is turned off. The LO 
cavity is tuned (rough tuning) W m short transmit- 
ter frequency, and reflector or repeller voltage control 
is uted fur fine tuning. An intermediate frequency of 
JO ajK n obtained, ab», if the LO it tuned JO mc MM 

the transmitter. The AR,' circuit works correctly only 
when LO frequency n that r the transmitter frequency, 
however For this reason, if the LO is tuned 30 mc 
It/on ihr transmitter it is called "wrong sideband" 
operation. 

r. AVaron Krttption uilh Manual Tuning. 

This operation is ab» the tame at in the original 
AN/APS-IS equipment The beacon LO oscillates, 
and the search LO is turned off. The beacon LO cav. 
ity a) tuned 10 a frequency JO mc Ar/ou beacon fre- 
quency and fine tuning is obtained by reflector voltage 
control Ont of the advantages in use of the Prestur- 
'atd R-F Head is that AFC is provided on beacon Oper- 
ation at well as on search. 

d   W.» Aft. 
Ihn funttion is performed in the same general 

manner as in ihr original AN/APS-1* equipment. As 
before, the «ontnil ciriuit uses gas tubes for the final 
link in the Aft', chain, however, circuit detail* in line 
whole ihain arc very different from the corresponding 
AN/APS-1 Sunns 

There are two main variation! from the original 
AN/APS-It: 

I I I   ft.Iff   Mixtr Pourr ( ouplimg 

The r I main bang it tapped og from the 
transmitter channel through a waveguide attenuator. 
The attenuation lapprosunately HO decibels) it art 
so as so give an optinsuaa input tu the RAFC mixer 

• «.*■• 

cryttaL    An optimum input extent for ihr followiag 

l-f bannonica are produced at the mixer due to 
the non-linearify of the crystal and by the mixing of 
r-f harmonics present in the LO or magnetron outputs. 
For example, when the LO is It mc away from the 
transmitter, there arc It. JO, ^t mc. etc., components 
in the crystal output. This means that a *il mc pubc 
output is obtained from the crystal when the LO is 
30, It, 10. t, etc., mc away from the transmitter. If 
the harmonic to mc pulse were hig enough to lire 
the gas tube (VI in Figure ft-11 at the end of the AFC 
chain, the set might he automatically held at an IF 

of It mc or 10 mc. which would grcatl) decrease the 
overall sensitivity and rangt- of the radar The output 
of the AFC elements into the trigger gus tube may 
vary by a factor of t to H from set to M-I due mainly 
to variations in the transmitter power, crystal con- 
version gain, and IF amplifier gam. This makes it 

necessary to include a gain reserve in the chain design, 
i.e.. the gain is adjusted MI that with evert component 
at peak performance. 10 times as much puls« snltage is 
delivered to the trigger tube grid as is needed to fire 
■I consistently. With every component poor, pulst 

voltage at the trigger tuhr is just sufficient to fire it, 
i.e. just enough in control the I.O frequent«. In order 
that no harmonic component can control the fre- 
quency the largest harmonic must then he 1/10 or tea) 
of the voltage amplitude of the fundamental pub* 
output from the crystal. At the same time the funda- 
mental mutt be as large as possible ' the fundamental 
it the pulse output at «I mc when the I.O is to mc 
away from the transmitter). so that sufficient gain b 
possible in the chain tvuh the smallest number of 
amplifier tubes. This optimum set of conditions occurs 
in the AN/APS-It when the RAFC attenuator it art 
at about 80 decibels, and crystal current i» set at 06 
milliamperea. 

This optimum setting is not possible with l 

single-mixer AFC (as was used in the original AN/ 

APS-lt). where the same crystal is used both lor echo 

signal reception and AFC since the 1R tube attenua- 

tion varies from 0.8 to It decibels, and is not con- 

trollable in this range. 

(2) AfC Discriminator Crcmil. 

The second variation in the AFC of the Pret- 

turiaed R-F Unit from that of the AN/APS-It equip 

mem it in the type of frequency discriminator used. 

The essential pant of the circuit form what amounts 

to a bridge network ai the intermediate frequency- 

See Figure 4-1-A. The type of circuit uted here n 

called a Ccouplad discriminator. 
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FIG. 4-hA 

AFC    OISCRIMNATOR   CIRCUIT, 
SCHEMATIC 

Pmhahlt ihr timplrtt method of qualitative an- 
alttit it thit Change the- drlla network t.impowd of 
I . < . ami I into the cquitaleni V ikimifl Thit 
I ruiilim    it   whrirMiitallt   demonttraied   in   riguri 
4 IB. 

FIG.    4-l-B 

CHANGE FROM THE C.,L,CM DELTA TO 
THE  EQUIVALENT   Y   CIRCUIT 

I he imprtlathet / ami / of ihr cquitaknt Y net- 
work, which t.nretpond t.i • ami C of the oriKinal 
iMtwork. aft indutiitc reactance«, and are unequal in 

magnitude hecause C, and Q are not ec|ual. If thit 
Y network it no» comhinetl with ihr remaininK com 
ponenit of the diMnminalor iir.uii. at it thown in 
in-"- ■ ! (. the fr.^wmi irtpomr of Ihe circuit he- 
tomet apparent Ataume that /.., it ihr larger mi 
prtlame. tit talue it tei wi lhai C. it wrirt retonam 
at a frequent) lower than Ml mc lahoui IKS mc with 
ihr value« utedl and at (hit frequency mit nimm 
toltaKe it produced acrott (.,. ( HIIItpondingly, / 
it «el «o tli.it C, ii r.son.iii.l ai a frequency higher than 
Ml mi l.tl.S mc l ami matimiim voltage it produce*! 
acroct ( . ai thit frequency. Diode« acrott C, and < , 
ii. nit the i l current! lo give d-c vollaKei .HUM ihe 
diode I.M.I circuilt. Ihe diotle loath are connected 
in oppotition in the tontrntional mannrr. to that 
ihr ii. ouipui tuliaKe n ihe difference hetween the 
teparatr diode tullages I In effective •„> s of (hr iini.il 
tirtuitt are made fairly high, to thai ai 2H.S mc there 
it nrghgihlr ouipui comrihuiion from thr hramh 
HUM .1 at tl S mc and tar vrrta. 

FIG. «Vl-C 

EQUIVALENT   CIRCUIT  WITH 
C.,L,Ci 

DELTA REPLACED BYAY 

Ai a .in im frequrntt between ."* ' ami tl S mi 
ihr d-c I.M.I tollagr ithr difference of the di<»le l.iad 
tullageti it /em I hit frequent) I to mi > it the 
. rnvvncr point for the frequence diwriminator Ihe 
.list riminator output tharacicriMH it given m I IK 

..r.   . I 
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NOTE: 

TNC INPUT VOLTAOE 

TO TNC DISCRIMINATOR IS 

CONSTANT  AMPLITUDE   AND VARIABLE 

FREQUENCY. OUTPUT IS TAKEN ACROSS 

TNC HO« LOADS. 

FIG. 4-2 

THE COMPLETE DISCRM- 

NATOR   CHARACTERISTIC. 

I« the «tu.I discriminator, the inductance (L in 
FIR. I-1-A. I7 in FIR. Ml controls the crossover fre- 
quent« I' i», therefore, made slug runable, and ii 
used iKtaaionally in »dimting the AFC to top per- 
formance. Note—Thii i* NOT a regular field ad- 
lUMmem. The inductance LA (ate Figure S-4) tunei 
out the plair -to-gmund capacity in the discriminator 
feeder amplifier (Vn>. Resistor R3A Inadi the plate 
circuit n( V6 and hruadem the bandwidth so a» not 
to pinch-down" the overall bandwidth of the AFC 
chain. 

With ihr rwcptHNi of the above new feature* (sep- 
arate miser and C-couplcd ditcriminator). the «earth 
AFC t> the tame ai the corresponding unit of the orig- 
inal AN/APS-MA equipment.    A »low «weep voltage 

BAFC 
CRrSBU. 

DETECTOR 

t 

AUDIO 
"HSMPUFIER 

DEACON 

(TUNED) 
CAVITY 

applied to the reflector of the search LO carries the LO 
frequency down toward the transmitter frequency 
until the proper heat frequency is reached, then the 
LO frequency is kicked upward by the trigger-tube 
action, the circuit recovers, and the frequency is swept 
downward again. 

The sawtooth «ullage which sweeps the LO fre- 
quency through the wide range necessary when the 
LC) is searching for the transmitter frequency, before 
it has locked on." i« generated by a relaxation type 
oscillator using a gas tetrode lube (V3 in Figure Ml. 
Resistor Rl« provides feedback from plate to grid ia 
order to make the sweep less dependent on tube «»*• 
iation*. 

TRIGGER 

TUBE 

IHIELD 
•RIO 

MODULATION 

J 
SWEEP 

TUBE 

BEACON 
LOCAL 

(OSCILLATOR 

L 0 

IMCOULATICM; 

F«. 4-3       BLOCK OAORAM  OF BEACON AFC. 
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r   Hrmni .Iff. 

There n mi Beacon AH: in ihr AN APS I »A 
rquipmi in A primär)' purpose in the iini||n ul ihr 
Preasuriied K I I MIT a to provide hraron AH. since 
■it omasion in ihr AN/APS-IS ha* been found to hr 
I ilrhnur limitation of utrlulnrtt in oprraiMm. 

I he general oprraiMm of hraron AM. I HAK ) a 
timiUr to that of radar AFC ■ K AH • The LO In 
■ im in t a caused to drift downward until it |UM paart 
ihr value for correct i-f, ihm an upward "kick" a 
«upplird In ihr control circuit for a thort interval. 
11ii i which the circuit recovers from ihr surge. Ire- 
t|uenc) driflt downward again, and the cycle a re- 
pealed A blink diagram of the HAM a Riven in 
Figure i * 

Ihr ki i unit in the HAH it the heacon cavity. 
I hit it a high (J mm.I cavity ai r-f. thermally com- 
I* nviitil Im temperature drift». Ihr irmt-r Irequetut 
it til im helow heacon frequency, and ihc handwulih 
ai iIn half power poinit of the catiiy. loaded hy the 
irvttal ini»IT. it approsimately 1.' to 16 initi.ioil.i 
prr  «• ti mil 

The HAH iryttal unit it uted to iletett r-f potter 
.• HI r mil ht ihr U.HUH I.C) and passing through ihr 
i .at lit At ihr 1.11 changes frequent y. powrr delitered 
m the tryttal tariet, ImiiK maiimum when ihr I.O 
a ii cavity center-frequent) and minimum »hen ihr 
iii iifigiiiiiiv it either far ahote or far helii» ihit 

• In- ir. ouititlr ihr tatiiy past-hand I IKUU I i 
Kite* the frequent) thaiatlrritlH of ihr hraion tat 
■it Mere d-t «'luiii atrntt ihr HAK irtvial it 
pliMinl m iiii»i ihr I»' Irrqucnt) in ihr catity pats 
hand range 

CTOrJ 

W hrn the signal frequency, f. into the cavitv i* 
hrlow the center frequency. f„ (on the sloping portion 
of the curve I a small increase in f. auch as 1710th ol 
the frequency interval heften f and l,„ results in a 
small im'Mif in crystal voltage. When f is above t 
un the sloping portion of the characteristic, a small 
increase in f gives a small aVirrair in crystal voltage. 
When f ä at the flat portion of the curve, (near f..I, 
there it mn then ft in crystal voltage for a small changr 
in frequency. The cavity-plus detector arrangement 
may accordingly he used as a modulation changer, 
that is. if an incoming signal of constant amplitude it 
trt-quent t -modulated hy a sine wave, voltage amplitude 
modulation corresponding to the frequency modula- 
tion I when the f swing a small compared to the cavity 
handwidth I appears across the crystal, escrpt near t. 
where there is no change in crystal voltage for a small 
frequency swing and outside the pass-hand where mi 
power gets through the tuned cavity. On the lot» 
Irrquency tide of the pass-hand the crystal voltage 
M output it in phase with the frequency modulammt, 
MUH the crystal voltage increases when frequency 
un rr.iv». and both reach citrcme values at the tame 
time. Cm the high-frequency side of the past-hand, 
tryttal toltagr a IWI degrees mil of phase with the 
Irrquency modulation, since crystal voltage detreatr» 
at frequency increases and the voltage it minimum 
«hen frequency a maximum. 

This I Ml degree phase shift, ahote and helow l,„ a 
ihe key lo automatic lonirol for heacon LO frequency. 
The I.O a frequency-modulated hy a tmall (0.6 volt 
peak in prak» Hill tycle voltage superimposed on 
the d-c reflet lor voltage 10 6 toll p-p a-c on lop of a 
d-t toltage of      160 tolls, for eiample I    The result 
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FIG   4-4      BAFC   DETECTOR    OUTPUT   V&   BEACON  LO 

FREQUENCY    OR,   THE   BAND-PASS   CURVE   FOR     THE 
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■ng *Otl cycle toltage output of the cryMal ii amplified 
up I» a »i« convenient for working the control grid 
..I the trigger gat tube in the AFT chain. When aver- 
age frequent« i» »hifted from ahme to ht low I .. the 
irttial output voltage (hanget phaie by I HI» degrees. 

A lomtant «(Kl ttile toltage it alto applied to the 
thield grid of the trigger tube (V-t in Figure fM). If 
l«rfh grul tnliagcs applied to the trigger tube are in 
phatc Ipotititc at the tame time I. then the gat tube 
hret If the two grid tnltaget are IW> degreet out of 
I'll i« the tontrol grid potitite «wing lannot tin- the 
gat tube ,tim > the thield grid it negative at the tame 
time and present t tiring i I he d-t grid hiatrt and 
the thield toltage ttting are ad|utted to that the tube 
. .mi" i fire «tith unit thield at voltage supplied.» 
I hit might he tailed a tointidente tiefet tor." time 
the gat tube duet not hre unless both grid tignali arc 
i IHM iilent. or in phate. 

I he phatet of the modulation toltaget are to filed 
that »hen the aterage II) frequents it above f„ the 
gat tube duet not fire and helott f. the gat tube does 
hre iprotided that it it at the correct point on the 
beaton tatiit tharatleritiK ). The heaton trigger 
lube tinuil it thottn in Figure 4-3. 

V« hen the trigger tube hret. the fatt negative pulte 
produted at itt plate it attenuated ht the RC filter 
in the plate tirtuil ami then applied to the I.C) reflector 
i reler m r ig t-S i Thtt toltage pulte puthes the LO 
frequentt uptvard to a point tlightlt above f. during 
the pulte When the toltage across V4 has dropped 
due to the discharge of condenser CH. the gateout arc 
in the trigger tube ettinguithet and the toltage across 
' H builds up again inward the value tet by the retitt- 

ancc bleeder < minors 24, 21. 13. 13a. 13b. Id. IT. md 
16 in Figure 8-4) between plus 130 and minus 230 
volts. This equilibrium point is never reached, how- 
ever, since at aoon at this voltage (which it applied 
to the reflector) get« far enough so that LO average 
frequency is below f,. the gas tube fires again and 
delivers another opposing pulte. The cycle it now 
complete and the LO frequency is automatically con- 
trolled. The RC filter (formed by Rl i. R12. and CM 
it adjusted to that the maximum frequency thift dur- 
ing BAFC it about 1 mi, approximately centered at 
f.„ the cavity center-frequency (which, to repeat, it 
30 mi below beacon frequency). The HAK it, thus, 
completely contained in the R-F I'nit, and duet not 
depend in any way on the beacon tranimittmn tignal. 
This situation maltet sinn tolerance requirements in 
both machine work and materials in the manufactur- 
ing of the beacon cavities, and it solved by thermal 
and heavy metal construction. 

f. Preamplifier. 
The preamplifier unit receive! the i-f signal 

from the signal miser and amplifies it by a factor of 
30. The output i-f tignal it delivered on a 'O-ohm 
line to the main i-f amplifier in the Receitcr-lnditaiiir 
unit. The preamplifier hat the tame gain as the tor- 
responding unit in the original AN/APS-I3A equip- 
ment, hut hat about twice the bandwidth (6 to H 
mc now). This eatra bandwidth duct not change the 
overall i-f bandwidth of the modified tyttem appre- 
ciably, tince the I-F strip of the Receiver-lnditator it 
only 3 to 3 mc wide. The eatra bandwidth wat built 
into the preamplifier to provide for a greater range 
of cue for the Pressurized R-F Unit. 
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I. Craw/ 

a. ItaaW Prr/oraMav«. 

Ihr  problem nl   radar  maintenance  it oor of 
HI mi inn ami iiMiniaininii peak performance.    I mkr 

. i   .ill.il    i ..n.litli.ll»    till,   mi rill    piituf,     H   nil, II    vil ri 
hinl in ihr imirr urgent nml nl keeping a maximum 
■i nl» i nl r .i.l it tett 1.1» ratm . ihm, maintenance i» 
tillrn rrttrutnl in irnuhlc »hunting, ami n retorted 
in only mi.lit urgent unuimiinn Such a pm.nl 
urr i» . .in n lunhrr uilminl bv a lack »I ihr necessary 
ami   i.lii|u in   ii »i ruuipmrni  in prrlnrm a thnrough 
 im um. •    ii.li     Howetrr,   mini   maintenance  mm 
rmiratiH m nun up a MI. ami ihrre have rxittrd 
mi. .i I: ihrm a variety »I • mi.. pi« of "good" radar per- 
i   i ni um ami Im» in in.Im il. 

K.i-1.11 prrlnrinamr iv h> definition, ihr rann nf ihr 
pi A |».»i i output nl ihr tranuniiirr in ihr weakett 
tignal pnwrr which ihr reintrr ■ .m ,U m i p /Sj. 
In pi i. in i Sy it ihr minimum ilittrrnihle irtl tignal 
powrr, nr ihr tan|(rnlial Irtl tignal powrr. or ihr IW 
irtl tignal i.|iul In II.UM Miin.il powrr. and may hr 
.. in l.ui.l »nil ihr minimum diwrrnihlr num.I ug 

mi power depending upon the method of letting «teil 
ami «mli variahlet as ihe pulse recurrence rate, the 
sweep speed, the spot tisr on the indicator, and the 
type of presentation. This ratio, expressed in dee- 
ibets, is the radar performance figure, which is a 
measure of the ability of the radar system to detect 
targets with a given set of external conditions. 

Assuming constant external conditions, for example 
a target in tree space, it u possihlc to correlate changes 
in maximum range with changes in radar performance 
hy using the intrrsr fourth power law, til., that the 
power received from a target is inversely proportional 
io ihe fourth power of the range to the target. Since 
■ he power of a returning signal it always proportional 
to the power in ihe transmuted pulse this law may he 
written 

Sr'K, P"/*4. or RHu-Kf/pySpmin', 

Where SP   is the power received from a target at 
range R. p    is the peak transmitted power. K aana 
■s the maximum range ohlainahle when Nr m,„   is the 
minimum discermhle signal  power, and  K    and K 
are constants depending  upon  ihr characteristics of 
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ihr i"tr< ««•( th» •***<%" f«t«>f« <»f the radar system. 
I l.i« relationship »I maximum range to performance 

■« illustrated graphically in Figure VI, where m»xi 
n,um range (expressed in perreni of rate«! maximum 
rangr I it pkrfted against decrease in radar perform 
mt figure (expressed in detihrls helow rated value), 

h mat he useful 10 point out that a decrease of 6 dh 
uletihelsi in radar performante (which n not un- 
common in practice) results in a decrease of IS per- 
il HI in nunmum rangr 

A priori, the performance of a radar festem may he 
iwlgrd on the hatit of the maximum rangr obtainable, 
and ant grot» lots in radar performance, such as 12 
>lb. »ill he apparent m an operator who is accustomed 
in ihr radar ttttem in operation However, it if not 
possible to measure radar performance accurately by 
ohtertation of the maximum range, since in general 
complete information on the external factors affrct- 
• ■■K t'"K< ■< not available The external factors which 
alfett range are I I the reflection properties of the 
target. l\ the propagation pathway (difference in 
path length between reflected rays which may cause 
the ratt to reinforce or cancel depending upon dif- 
lerences in path length), and s) atmospheric concil- 
ium», «in h at temperature and humidity effects which 
mat attenuate the r f energy or may cause the radar 
beam in he hem upward, thus rapidly dissipating the 
rnergt in the beam, or downward, thereby delaying 
the ditsipaiHHi of the energy. A change in any one of 
these condition» appears at a change in radar per- 
formance 

lhe esiernal factors affecting radar range are not 
..«■■tollable from the radar system. (amsruuenll), 
unbutton of standard ' targets for |udging the per- 
formance of a radar ttttem it not reliable. In general, 
tiandard targett are useful for tune-up of the radar 

tttiem .Milt It it recommended that the radar per- 
il.r mane ■ hgure he measured bt use of the appropriate 
»si equipment Maximum radar performance it thut 
attained and maximum range i in terms of rated tal- 
lies i i« assured 

b   fsvrrrxw/ Raafaaj   iff„i,nK K*U*r Frrtormincr 

I he internal lac tors I those ttuliin ihe radar 
sri »huh uilluente radar performante mat he di- 
»i.le«l inio two classes thoie affecting peak transmitter 
ouiput potter and those affecting resetted signal |>I«II 

% atcKuidr kisses are treated at a pan of the trans 
muting or retnting losses, since they usually appear 
at with in the maintenance procedure. Fixed or de- 
tign tattors. such as antenna gain, antenna Manning 
has», or rackmsv kit», are neglected, tu also are opeta 
lor IcMes. tue h at usuli ln»m improper receiter gain. 
PHI hiat. CM Incut control tetiingt. since these lattort 
cannot he ascertained or remedied by the maintenance 
prrwasncl 

The peak power output ot the transmitter U de- 
pendent upon the billowing. I) the quality ol thr 
transmitter lube (spectrum ), 2) the magnetic field 
strength; 31 the pulse peak voltage applied to thr 
transmitter tube; 4) the pulse shape of the pub» peak 
voltage applied to the transmitter tube; ft r-f losses 
in the waveguide, rotating joint, or antenna in the 
form of leakage, absorption, or arcing due to im- 
proper fitting of components, foreign material in the 
line, or reduced pressure al high altitude; and 6) r-f 
losses due to detuned or non-firing TR or A I K 

Receiver signal power is dependent upon the fol- 
lowing: 

1) i|ualu\ of the crystal (Rain and noise I; 21 local 
oscillator tuning; i1 AFC performance; 41 TR and 
AIR tuning and losses in either of these; *l none 
ol the local oscillator; 6) noise of the ■ I amplifier. 11 
waveguide, rotating joint, and antenna löstet, and 
III the factors which determine how far into the none 
a signal can be teen, vie., i-f bandwidth, pulte recur- 
renn- rate, sweep »peed, »pot site, and type of presen- 
tation. 

The following equation relate» moat of the ahme 
factors in what may teem a formidable manner, but 
it hat the advantage of breaking the problem ilisn 
into in basic pant. 

to log p'/Sj " 10 log p*-\lO log kTAl) *M 
+ R+L+IOtog(tc+Nj-l)*C], 

where C is a constant depending upon the if band- 
width, the video bandwidth, the pulse recurrence rate 
I)A. ■ the sweep tpeed, the spot ti/e cm the indicator, 
and the type of presentation; 

\, it the none figure of the i-f amplifier (a ratiui. 
te it the crystal noise temperature (a ratio); 
I   is the conversion lost in the crystal in decibel«. 
R is the loss in decibels in the duplexer (including 

mixer Iota); 
M it the noise power in decibels contributed hi the 

local oscillator; 

k it Holt/mann « constant; 
T it the temperature in degrees Kelvin; 

AJi« the i-f bandwidth; 
and p    and ST are. as defined before, ihe peak tran« 
milter   power  and   the   minimum  discernible  signal. 

respectively. 

For u ti purposes and convenience of discussion, err 
lain ol these quantities are often combined into more 

■ntlutite term», thus, ihe quantity F I. • I" '"K 
lle • Nj — I) is called the receiter noise figure 
and Nr F - M • R it the overall receiver noise 

hgure (including r f receiving losses) These cjuan 
■ ■tic» are expressed in decibel» abuse ihr theoretical 

minimum none, k I Al) 

It should be note 
and that 10 log kl 
a   receiver  with   I 
10  log  kTaV) if  «r 
below   I   milliwatt)] 
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Ii vl.. ...1.1 hr muni that kTAt) n alway« I«-»« than I. 
Mg" ihai lo UM> klAl) •■ «hus always negative. For 
a mm« with I megacycle per second hamlmulth. 
10 log tW i* appro« imately —114 ilbm (deciheb 
I-In» I milliwatt). and if the receiver were ideal 
ihn would iiirrrtpnnil to the minimum discernible 
«ignal pnwrr  (equal in ruiitr) 

An assumption is madr in nprrtaing the radar per- 
Inrmanir hgure a« it done above; namely, it it assumed 
thai ihr LO ii correctly tuned and m power input to 
ihr signal mixer properly set, that the AFC it operat- 

i<K properly, thai the I'K and ATR are correctly tuned 
in 1 operating, thai the waveguide liaart are small. 

■I. ii ihr modulator is operating properly, and that the 
magnrtnm spectrum is good. 

Ihe ahove equation indicates that the radar per- 
formance figure is determined if the peak power out- 
put of the transmitter, p , the overall receiver noiar 
figure, N r , the overall receiver handwidih.o.«), and 
■ hr constant ( are known. The bandwidth of the re- 
i river is a design factor and is assumed constant unless 
«here is a loss in receiver sensitivity which unii.ii hr 
rt plained hy a fault in receiver components. The con- 
tiant ' is more correctly a variable lonstant in that 
ii depends upon srveral unknown factors, such as oper- 
ating ad|utimrnis and tathodr-ray tube characteristics 
I hr mini usrful iiimmrnt that can he madr ahoul this 

tonstani as thai for a given oprrator. folkiwing an 
established mi prntedure, it is essentially constant for 
a given lypr of radar rquipmrni. 

Ihr moti nj.lil» obtained (and most nfirn meat- 
urrd > factors «huh itrtrrmine the radar prrformaiHr 
hgurr arr ihr prak pnwrr nuipui, p , and thr overall 
...ii.« noitr hgurr, N r ibrse quantities completel» 
irll of  an>  ihangr  in  radar  prrformaiHr.  ihr»   also 

provide a prc!in>ina<) ■■■«•■•» \J Su«aii<iiuc an« l«n 
present. 

c. Traajaaaffer Prr/nrwawie. 

The transmitter performance figure is that part 
of the radar performance figure which depends im ihr 
transmitter; namely. 

10 logoVooiaweM'drcibeb above I milliwatt» 

where p is the transmitter peak power output ex- 
pressed in watts. For a transmitter with an Ml kilo- 
watt peak power output the transmitter performance 
figure is 79 dhm. 

In practice the average power output of the irant- 
mitter is usually measured and correlated with ihr 
peak power output hy the relation 

where Vav is the average power output (inratiiml 
with a power meter), p is the peak power nuipui 
(calculated). 6 is the pulse width (measured »nh I 
capacity divider and oacillincopc. or a «pntruin .in 
alycrr), and t)r is the pulse murmur r.m- I mt-atuii.1 
with an audio oscillator and oscillnstnpr I. Ihr ii-rni 
uvr is often referred to as the "duty cycle." 

I In- transmitter may he kaikrd on as a con«iani 
frequenty oscillator »huh is periodically turned on 
and off hy ihr modulator so at to producr pulse« of 
r-f energy. Ideally, these pulsrs tontisl of an infinite 
number of lonnnuout waves with amplitude« ami 
frequencies dependent upon ihe pular ampliiudr, pulsr 
width, repeiinon frequency, and the frequent« of 
ihi- I>M iH.H.ii being pulsed. Ihe spectrum of ampli- 
tude «« frequent> for an ideal iran«mnirr i« gitrn 
in Figure \   ' 

FIO.   5-2      DISTRIBUTION Of POWER IN AN  IDEAL SPECTRUM 

f.    IS   THE  TRANSMITTER   PRE0UE0UENCY. 
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ghM ■ r«M* V.J. aad )> 

aa£st width-    la pawl. 
iminn <«■ •» '-' "*• 
■ ii ilit «fact the spectra« 

•walk A spectrum check lasade with «a echo 
has o» epertrua» aaal*aee>   a accessary   in  adequate 
■ n i>. lor a poor spectrum will retail in i de 
crease is peak power I aad has ta range > WBKB aw* 
•at be iwm—I when aa average power ajiasiiriatiat 

Tar pah* oafpat of thr (raaaaamtr l peak power 
aad eaaltty • a «lao. a» «Mad More, afacted by the 
awtos peak lajjaaaj applied n> «he asagartroa the pake 
shape of the pubc peak voltage 'both dependent wn 
Bar awaaaaor i. aad the aaagaet a; arid strength of the 
trtaaaiiwi tube eMgnit Thr character isiio of a 
aaaaaeuea of the type used in radar arc each thai 
«here a «er* low tube ior ia—lei currcat for low 
pabsr iwnlrtud«. hat there a a tharp nae ia current 
ae she paler aavptiiude acan ihr operating region. 
Twnetare. the chart reqaiiieainii imposed oa the mod- 
alaaar lnlnags pah» are that it iwuat have the comet 
aaaa»aade aad a Cat top 'ihe aide» are aot very im- 
portaa«» Puke aim riwiari are aaade with a 
capacity divider aad aa aacillaacope or **achroacopr. 
The aaajartK held strength «aa miasarad with a lin- 
esses» > aaai he aa the prescribed operation region. 

d   fc" re cur» *iifiim—ie 

The raceive* ptrfineeaaai agure a that part of 
•he radar pitliiraaaan kfurc winch a awnriaml with 
dar retasvtag raactraa of the radar art. namely. 

'10hf Sf INI dbm 

where Sv> a the mwiasuai daceraaMe vat signal I in 
waeai aa Jew r abed at the hegiaaiag of thai section, 
wasch m a aaaearad quantity aad doe* aot aaceaauilr 
carraaaaBd a> the anniesum daccraahle echo or biacon 
aajaal power The racerver parlorassart agure was 
drvahvi aa> ai haaai coaaBoaeatis in ihr equation for 
radar peeioraaaace agure givea previously. However, 
a a the pi us at practice as aaeaaare the receiver «em 
aaivay rather thaa the overall receiver auaar figure. 
Tha aawnm ■ aasdr by aaaaaa of a amimum 
■Basra «It arai sarast a uaaeatal teat signal, or a 
CV etat tejaaJ aajaal to aoast atganl po«er. Thaa. 
«that rhaa »inm the aoae power directly, one 
■■■•■in the power of a signal tow thaa aoa* in the 
■*■ aaethod. equal as rware aoatr ia ihe aacoad l tan 

aoae in the third (CW i 

Came» laspuritai factors which have lo be at» 
used m order a> predict accurately the operating per 

•"■""»» af a radar an are the trteamirw peak power 
•""•<•• «* «aanh aad beacon Ihothl. the AFC opera 
•«a»-  •■»  aaajarnua caiitat, aad the signal  taiacr 

I« 
«M» 

TVa precarlirg donation has fatca geneta! ia Kept 

to the eitent that it appliai equally «o all microwave 
radar ijanaai which oar aaagaiinia rranaaiiaii and 
•uperhnrrodyoe receivers. All have the aaaar com- 
ponents aad faahs, aad are aasianissJ ia the tatst 
general aainarr. The rtawiarlrr of tha aanioa will 
he more tpecinc in in treatment, although many of ihr 
statements are made capable of wider application than 
a indicated in the test. 

e. Marat* €t FkUotopb,. 

The moat useful tool to radar maintenance a an 
understanding of the function aad value of each com- 
ponent, together with aa eye aad aoae for trouble. 
To this end it b retommeoded that the maiotenuce 
penonncl be acquainted with section IV of this man 
ual aad the tame section of the AN/APS-HA Hand- 
book of Maintenance lit«ruction* Tha type of in- 
formation is beat coordinated by a functional block 
diagram, such as is given in Figure ft-3. 

Correct, rapid diagnosis of a specific trouble require» 
more than just understanding aad information; it re- 
quires an insight which comes only with practice and 
familiarity with the radar set being serviced. A trouble 
shooting chart, such as is given ia paragraph 6 of tha 
section, is merely an orderly presentation of a common 
sense approach to each expected trouble, and will 
probably be resorted to only at first, when the art 
present» new feature*. 

The proper use of the necessary and adequate test 
cquipraent is essential to proper maintenance, but 
without an understanding of the problem being under- 
take«, interpretation of the test results will not lead 
to the success that is usually hoped for and expected 
with this approach. 

2. faiprrraea». 

The addition of the Prcsauriaed R-F Unit intro- 
duces no fundamentally new feature» to the inspection 
program. The same general approach recommended 
for AN/APS-1 < a still applicable. The preflight teat 
procedure should include a check of the operation of 
the beacon and AFC combination to be sure that the 
beacon LO and BAFC are not causing any apparent 
trouble, ill is unlikely thai beacons will be observable 
on the ground.) 

An additional routine inspection is recommended 
to be performed a» often as a practically possible and 
at least every IS operational hours. This inspect«! 
can be made in the aircraft without disconnecting or 
re eauiing any of the radar compoaentts. It would 
consist of s system performance check which would 
measure transmitter power output on search and bea- 
con, transmitter frequency, receiver sensitivity, and 
RAFC and BAFC operation It might also include 
the assaaureeaent of RAFC and BAFC crystal currents. 
aad the checking of the operation of the beacon TR 
twaiag-pluaget relay. The purpose of these test» was 
ilaruses il ia paragraph 1 aad the teat squiussaai so be 
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*   JatrWraeiew. 

No lubrication it necessary in the Pressurised 
RF Init. 

«. T*u tfHtpmtm. 
The following MM equipment it adequate for 

maintaining maximum performance of the r-f unit. 
Each  item of  ten equipment   is accompanied  by a 

MMMMat of the function* it perform*, the rated value 
that «hn«M hr obtained for maximum performance, 
and the minimum acceptable value below which the 
unit should he replaced or repaired. The first four 
hems are connected to the unit through the 50 dh 
directional coupler by means of a flexible cable whose 
loss is known. 

In ihr uv of irtt equipment it is expected that the 
tot protctlurr given in the operating instructions for 
each unii »ill he refrrrrd to and followed. 

I 
TUT IQUIPMINT 

fleaa Fmnttiom                                       Rtieti Vttmt Miimmm KaVaW          1 

1. Echo Bos Permits a quick,  rough estimate of   2\ microaecoods 21 micioarcortds 
(TO62/AP) overall radar performance. il.H miles) (1.6 miles) 

Detects transmitter double moding. Note:  Present echo boxes are rather insensitive and 
Checks RAH. Operation. should he relied on only for rough measure- 

ments. 

2. Power Meter Measures   average   power   output   of 7t dhm on search 70 dbm on search 
(TO.36/AP) transmitter or of a signal generator. 

Can he used in conjunction with echo 
box to local ire a gross loss to receiv- 
ing or transmitting function. 

7s dbm on beacon 71 dbm on beacon 

3. Frequency Measures frequency of transmitter or 9373 mc plus or minus 
Meter of a signal generator. 30 mc/sec. 
(TO-»/API Detects double moding. 

Most useful for setting signal genera- 
tors to approximate beacon frequency. 

4. Signal Measures average power on search and f\ dbm 70dbaa 
Generator beacon; 71 dbm 71 dbaa 
Tew Set receiver sensitivity on search and bea- —70 dhm -63 dbm 
I TO .WAP. con, and  transmitter  frequency. -64 dbm —39 dbm 
TOI46/UP. Permits TR. LO. and RAFC tuning. 9373 mc plus or minus 30 sac/aac. 
TOM7/i;Pl Tune to maximise signal 

AFC should nay locked in 
ram mat set. 

3. Portable Provides a means of observing trig- 
OKilloacope ger pulses. wJeo wave forms, video 
«TO-WAP. signals. 
TO239/IP) May be used as general purpose oscill- 

oscope or synchroscope. 

6. Multimeter Measures «< and d-c voltages, ohms, 
(TO 332/1 ) and d-c millumperes. 

?.  Spnirum Displays a picture of all frequencies. Spectrum  width bttweea Should be wrthin  10 per- 

Analyier within a gi«en hand, radiated by the arms on either side of cent of rated value.     (Sal 

iTVItl/lPi transmitter and local «wullator. th* maximum: paragraph 1 of this section 

Measures  pulse width and the Q of Search: 1.9-2.1. for correct spectrum 
tuned cavities. I.I—.9 sac/sec. 

Beacon: .47—32 aac 
shape.) 
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Htm 

»   Voltage 

ITS4W/AP) 

TOT tOUIPMINT «Toiit.) 

I umiuin 

"  Fluimeter 
fTS-HA/AP) 

Prov.de. ■ men. of viewing «*■ 
pul« *,„,„ ,h,n MO W|B in am £ 

M    The modulator pul» applied 
'" ,hr, ""Knrlr«, i, ,he commooVol,- 
'»:■   <>f ihn lv i*. 

Mrnurr« magnetic flux density of the 
MMhü permanent magnet 

tmdWakm 

l'ri wuri/ing 
Inn 
(MK.'O/I'p, 

Dummy r-f  l. ■ • ■ f for hench int pur- 
pose*. 

Hand prt««uri/ing unit for checking 

presaurixation of modulator, r-f unii, 
waveguitle, and antenna unic. 

Puh* width in H%: 

Search: .4»—.55    o__i , 

Beacon: 1.9—2.1 
Pube amplitude: 

M to 12 KV 

iWOjrau» 

«ut.idr ,he range ,rf ZTJ 
value. '•"»', 

Ual ihan HA KV 
°'" IJ KV llH|Kil,„ 

■Mi trouble 

MO K*u« 

J  

»   '»••*/, lorW.iW,»«. 

Entire presaure system  should   hoM a piniiite pm 

Mire of the order of 10 p.s.i. (gauge t. with .1 .Imp ..( 
lea* than I p.t.i. in 24 noun. 

1 Thi» value, of course, depends on the capatiiy <>t *nv 
preanirr pump which i» aiiached 10 ihr pmturr sw 
tem in flight.) 

If the r-f unit fail» to operate properly ihr trouble 
should hrti be lmali/ed in a particular tomponrnt. 
ihr following prmedurc will aid in the trouble lucal- 
i/aiHin. 

a.  Omrrml fJAirri ***»«. 

(I ) Intpeti equipment fur louse table«, bullet 
hole*, dent«, or othrr mtt haniial damage. 

11» Remote ihe cover from ihe head and in- 
«prtt equipment for «moke, burned invulanon or other 
rtiilrmr uf rlrttrital overload (I'M- of the ma« at 
an ni>In .11. >r 1» mnmmrndrd in this connection; for, 
«■imr ligh. ntrrload tonditiiint do mil produce viiihle 
«•in.tii rtrn though ihr odor of burned components 
1« •Irietlahlr I 

(SI 1 in 1 k up. 111 iiHI of relay*. There are ^ 
rrlatt KAM to BAM. AM. to Man., and the TR 
Muh lunrr relay Ihr fir»! two may he checked by 
litirmng fur tluk« in the AH thaw» when the appro 
priatr «mitthe« arr thrown 1 HAK 10 HAM with Bea- 

ux» Varth twitth and Man to AFC." with AFT < Man 
««■ithi Ihr IK lunrr mat he checked visibly by 
nt«srr«ing ihr plunger mo«e a« the Beacon-Search 
twiith 1« thrown 

h   I >frrsi$>,mj t huh. 

I hr prrformamr of the r f unit may be checked 
in ihr airtrafi with ihr u«r of portable let! equipment 
h« mr<«uremrnt of turrrm«. «ullages, wave formt, and 
rr«i*iantr« "IKe four principal operalitm« performed 
h« ihr head ma« hr thetked teparalely by «w in hing 
Ihr printipal operation« arr I I trarth retention on 
manual tuning. .'1 «earth rrtrpiMin on AFC (RAFO. 

*' beacon reception on manual tuning, and 41 beacon 
reception «m AM   1 BAM 1 

It any grow fault eiists. tut h at a bad tube or burned 

*•       M-a.o 

-nd their oper^km ^""   -■*■ "f "* «■!       ■ 

v-riou. MSSSS "" *f " "nd ">'"„ the 

»weep, through the rewilT   1 """"""anon,  bu, 

fSeZSSSSmAwc e"min^'■•""> «••* 
«er. the RABT^i •       ""*"•,he AR '' «■»"■■ 
and d«r   ■      ■ dMC"m'n«°'. -ml tube. V» ,„.f vs 

the ■S^*" ■*■ «o • hench ,„ be «rtKed. 

» «*^d        P,0™d,,,* M ««"y «mpbhed .nd ..me 

"«ÄRtettÄ $UPP,> V",U"" 1»"uld 

■MT!!  ,ch ry •* ,u,',<c,*«, -' ~«•»-»*• 
g*!^fcjg**><» U) rWlector v ^3 

MSSA.   I"'?* " n*h «P«»«« volimeier. ttnh 

"I ' S *°Wt iB ' »«* "* P—ihlc- fault Mnn 

bv lü.i!^
r.,V,n* k*,f'»»)' •* «nore d.fhtul. ,„ nolate 

S?*!*?^1 "-.»"■   Af«r the «rtha, been tunrd 

«luxha. Pr,ble W"h ,he ,kJ "' «"« «^«-P«~n« 
t herk .^ ' T*      «ener,,ü' »nd lynchn-copr». the ftnal 

*•  \/'r, ,h,  TroauUes. 

'« •oc^niTaSr?^ *iVe° belOW ~* «"— U,,'U' «eating a defect.«« cuxuit or component. 



TROUtLf CHART 

WflUMM. VtU 

«h.isi.lr ihr rangt ol rated 
talurv 
I»« ihan H • K\ 
«Her I. KV .r..lu ..... ,„.. 
mi...«  Irouhlr 

»SKI gauss 

I should boM 4 positive pees 
>.».i. <K«U||C). «ich ■ drop ,.i 
tour* 
rpttv.lt on ihe tapacity of an» 
attached n> ihr pressure svv 

ptitvihlt i.. .Ulm. HI 41 least 
IM I ■ .11.111 o| ihr ...in|- ... 

ji ihr uir nl im i i|.,i|..' . 
img nil ilu   MI  .....I ir \ in»  ihr 
•lions     BAH' faults are pi 

| ».id..MI   ihr   i..I  ul a UIMII 

II     I HI i x.i in ell    if ihr i(> 
r   KM«    , ii.nhiiMii.iii    hiii 
»I» II  signals  in  ..l.i.i.i.  ■ 

inn in hr working properl». 
|hr eiamined iliaarlt arr ihr 
I«    murr   ihr Al«   i I ampli 
amr. ami lubes V-4 and V* 
i iiprraiiunal check. r*en il 
i li> a bench ■>■ he «IIIII.' 

(.really umplihrtl and lime 

■■solves several uniu *» thai 
|IIH«H ihr uir »I iru •«,>•■; 

lesi i<|..i|niH MI «ill hr ol 
ivser supplt voltages should 

1 source Jii.l ai ihr terminals 
suspected ol ixx operating 
lit r. riiMi.i voltage* .I.....   ' 
impeviante voltmeter, nah 
jum luhr volimeterl, since 

|nr of possible lauli »H.I, . > 
hr nun  difficult I» itulalr 
kin i ihr »ri has hern tuned 

IIM  41.1 of lest ecpiipmeni 
^n.l •inchnatopei. the final 

um mas  hr hr* attorn 

\»mpliim 

No i-f signal output 

MUM hanjt .unpin, hul IHI 
ul... signals 

No crystal current 

K il.ir   AM    not   holding 
itrvstal   turrrni   sweeps,   hul 
no    I.«kin»    or    intermittent 
lot king i 

No si ir. Ii «»■■)' on   \l«   hul 
vtimt irni   crystal   turrrni 
Manual   j» i m..ii 

ftkterilion Al.//»«/ 

« iKin« i if oulpul fmm pre- 
ampliher   lo   working   AN 
APVI*.   iii.iui   strip In   '0 

Inn   si.ii i,ini  talilt       Ohvrm 
>i.I..   iHiipui on A   stnpr or 
»t Ill I.I. IV  .i|1 

Same 

No crystal turrrni meter rratl 
inj» for tny setting of thr man- 
ual 'i.Miiik' kiin!-. for signal 
or KM«    miters 

Crystal turrrni  mrtrr 

< rystal  turrrni  mrtrr 
Krflrttoi    milage    las   »hovvn 
l>>   high   in i«.i.in,   solimrt- 
er I nut sweeping 

HAH!    INK    holding    (signal   (.rvstal turrrni meter 
trystal turrrni »svrrps. hut no 
lucking I 

RAH. I.- ks I,.,, signals much 
weaker than those on manual 
tuning 

AH.' kicks at mm Ii lower 
t rvstal turrent than that on 
manual tuning 

' rvvials hum out immediate!* 
on insertion in srt 

I'MtaV  Somrt* of   ImmMe 

Signal miser crystal is bad nr missing 
(tain control if srt at minimum gain. 
No preamplifier B plus or hliment 

Itage. Bad preampliher tube < \ ■. 
VIO, VII, Figure 8-tl or hail connec- 
tion. 

Hi no M II in»: or not mm .1 tor- 
rrvtly. 

I«> no« oscillating. N.n mm.I cor- 
rectly. No B plus or heater voltage 
to Ul. 
ii adjustable couplers to mm is not 

■ i.liusii.l tormtly. Short or open in 
trvvtal turrrni circuit. 

Ins.iiliii.nl posvrr from Ul to KM« 
mix. i « ..i.cli r in i .Is ad|ustment. Ill 
cavil) improperly tuned. Bail luhes 
VA. VA, V7. VH. Vs. or had connec- 
tion. Search sweep potentiometer not 
set to sweep through corrrtl reflector 
voltage range. 

Bail gas ini«.   \ ■   or fault in sweep 
luhe i in ..11 

LOi um tuning off Bad or no HAI«' 
crystal. Search sweep pot. inn ad- 
justed in i • .1 in i reflector voltage 
range Bad tubes VI. V». V4. VN. or 
had connection. 

K.i.l it   stope or test 'scope 

f.rvstal turrent meter 

( inn, tester, after trtslal has 
in n used MII'I set running 

Ul   minim tit    mm.I     AM     linking 
on strong sideband. 

LO cavity tuning off. Search »»rep 
pot. srt at different LO mode than 
■hat used on manual 

No kecpalive  voltage   in    IK   luhe. 
Bad IK tube. 

hekist ma« prove tiarful 
I ■ .••niponrnt 
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7. Wm* Furwu, 

la trouble shooting the r-f M*, k will often be 
of great — hWB to observe certain voltage wnrt 
I— Teat poina of particular interest arc the con- 
trol grid o fine (u lube V4 (Figure M) and the re- 
laqpH of the local oscillator tube». The voltage wave 
foriM at thee* point» for certain condition» «re given 

in the following pages. The wave forma given arc 
for a head which i» operating properly. The twitch 
position» corresponding to the illustratetd wave forms 
arc given, and both are numbered the same. 

A CRC) 11 at hink- ra> otcilkncope ' and a synchro- 
scope, or a combination »inh a« the TS-M/AP are 
recommended test equipment for ihn purpose. 

o 
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©" 
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H h 
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© 

© 
4 1 I 1 

©~T    f    I   \  © 1—i—r 
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TYPICAL WAVEFORM« OF A PROPERLY   OPERATIN«   ft - F   HEAD, 

OCSCRltCO  IN   TEXT. 
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liven  an- 
ew itch 

p fnriw* 

[ synrhro- 
'AP arc 

■XPUMATIOM Of W AVI KMM CNMT 

CtmdHmu »'•/»« 'Stop* femwfa 

Hand tuned up and wofking correctly Wave forma nrmrved at grid to trig- 
ger rube V4 

Startb nrrfiliam uiih mtnusl lumimg. 

1) Manual tuning knob set outside of 
LO mode, MI the high 1 requency tide. 
(Relcctor voltage more negative than 
in oscillating mode. 1 

At most, 1 or 
2 volts peak 

CRO with X- 
■ xii sweep at 
about * * the 
system rep. rate 

Residual pulse pickup 

1> Manual tuning approaching signal 
frrquency   from   the   high   frequency 

••de 

Peak value ap- 
proiimately Ml 
volts (CRO 
too slow to 
register this 1 

CRO with X 
■ xii sweep at 
ahmt <« the 
system repeti- 
tion rate 

Negative pulses which do not ire trig- 
ger tube.   Small pos. overshoot is due 
to slow CRO response 

3) Same at 2 above Peak 50 volts Synchroscope. 
synchronized 
with rep. rate 

The   synchron ope   is   fast   and   can 
measure this value accurately 

41 Manual tuning at correct frequen- 
cy, LO is JO mc higher than trans- 

milter 

1 to J volts 
peak 

CRO. same as 
1 above 

Roth   negative   and   positive   pulses, 
since   discriminator   is   not   perfectly 
balanced (also residual pkkup) 

3) Same as 4 above 1 to 3 volts Synchroscope, 

same at 3 
Accurate   voltage    meaaaurement   is 
possible 

6)   Manual tuning below signal fre- 

quency, hut still within mode 

Peak value 50 
volts (sameas 
2 above) 

CRO, urn as 1 

7) Same at 6 above Peak value M) 
volt» 

Synchroscope, 
same as 3 above 

■ )  Manual tuning outside of mode 
on  low   frequency  side 

1 to 3 volts CRO Residual pkkup 

91 Manual tuning, frequency outside 
of  fundamental  range   (outside dis- 
criminator   characteristic),   but   »p- 
proaching a  frequency   13 mc above 
transmitter from high freq. side 

10 volts peak CRO 2nd harmonic  production of 30 mc 

signal 

10) Same a* 9. but going out on low 
frequency side of 2nd harmonic point 

10 volts peak CRO 2ndharmonk 

II) Repeat of 9 at 10 mc difference 
between LO and transmitter 

3 volts peak CRO 3rd harmmtk production of  30 RH 

signal 

V 

-xm      i* 

■■■■■ %   f.f •;•*'.    --—<+ _  g- #■*■»; "■■'i  ^RHnpM 
.■■■  >;#**'■     •    ,.J,*i?J*r^'.  -     ,,-*.; .•« ='•"■ 

*» • j'_'.ir-i... • ."    -".  v   y, 

* **•. '     * -r ..- ,M 
'• ■">»       ■»—•**■ 'Ms.-. 

-   *^ 4 

i 
•   if- % 

% 
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UMANATMN Of WAV! KMM CHJUtT (G*«rt.) 

12) Repeat of 10 ai 10 mc difference 
between LO and transmitter 
BAWM rtctplion uiib mammal Inning. 

3 volts peak CRO 3rd harmonic 

Note 1 —Wave fur mi produced by harmonic generation of 30 mc arc  present only on the low-frequency 
(lean negative reflector voltage)  side of the fundamental point. 

Note 2    When «weeping through from high to low, neg. pubea come fint, then positive puUes. 

Note 3- If I.O it on wrong sideband (helow transmitter frequency), the harmonic» will occur on the high 
frequency side of the fundamental point. 

Note 4—If LO is tuned on wrong sideband, wave forms in Note  1  will be reversed in polarity  (sweeping 
from high to low will give positive pulses first). 

(omdiliom Vmtmtt      |    'Scope Remarks 

13) Manual tuning knob set outside 
of l-O mode on high frequency side 
(on the mo« negative reflector volt- 
age side) 

A to 8 volts 
peak-to-peak 

CRO. synchron- 
ized at about 
100 cpa 

Residual hum 

14) Manual tuning, approaching cor- 
rtsvt freq. from high side 

40 to 100 volts, 
peak-to-peak 

CRO. same a* 
13 

13) Manual tuning correct 6 to 8 volts, 
peak-to-peak 

CRO Residual hum plus double frequency 
production at cavity center frequency 

In)   Manual  tuning,  leaving  correct 
freq. on low side 

40 to 100 volts 
peak-to-peak 

CRO Break at positive peaks indicate trig- 
ger tube firing on some of the cycles 

Pi Manual tuning out of mode on 
low freq  side 

A to 8 volts, 

peak-to-peak 
CRO Hum 

ID) A <*»</> rnrplinn uilb AFC 
iRAFCl 

30 volts peak 
positive 

Synchroscope, 

synchronised 
with rep. rate 

Both neg. and pos. pulses a* frequency 
sweeps hack and forth over the cross- 
over point 

IV)  Htttom rnrpliun uub AFC. 
i HAH: I 

44) to »0 volts 

peak-to-peak 
CRO. syn- 
chron ized to 
about 100 cpa 

Break at pos. peak indicates gas tube 
firing on some cycles 

llcad tuned up and working correctly Wave forms observed at reflectors of 
LO's. (The d-c reflector voltage is 
—120 to —190. so beware of damag- 
ing 'scope input condenser.) 

20i RAH: Extremes about 
1 1 to 1 volt 

CRO, syn- 
chronized to 
about 100 cpa 

This could be looked on as a fre- 

quency vs. time plot 

21 i Beaton manual tuning About .6 volts, 
p-p at 400 cpa 

CRO. same Showing voltage modulation which 
result* in LO frequency modulation 

22* BAH: rxtreme* about 
1 ; to 1 volt 

CRO. same Show* BAFC is operating. Is also a 
plot of freq. vs. time 

M-110 
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In.|iii Ik > 

ii  ihr hi||h 

< sweeping 

r   tri«imint 
r  In ■|in n. « 

"'»"«•  "'K 
I  lh«  it« ks 

In.j.!■ 11. s 
lite MM 

in gas luhr 

rrltrstors ■•! 

r >"li •«:. it 

r  ..I   .Urn.« 

«t      4      »IC 

n«n    »tilth 

•t.iUtM«n 

X    rles*/-  Adi*>ln,rnls. 

Il i« piiuihlr in nukr the following adjustments 
• HIHMII rrmoting ihr r I unit from ihr ainraft. how- 
. «i r mmr ot ihrm mu« hr madr hrfiirr ihr Prrasur 
i/i.l K I- I nil can hr used, and n may hr found simpler 

.In ihn im ihr Ix och Kroch tuning nl ihr search 
in in.1 TR «ill rrt|uirr carrying ihr Transmiiter- 
«..nsrnrr (RTHA/APVI«) with which ihr r-f unil 
i« in iiprrair in ihr hrnth aim. Ortain initial adjust- 
im in», which arr a necessary pan of ihr modification 
pnardurr. wrrr mrntionrd in ihr installation section. 
ihese adiusimrnis «Irpt-nd on ihr iititrn with which 
ihr rf unit is to hr asxwj an«! cannot hr made at ihr 
IM tors I hi- .i.l|uMMH-nis nntwtt for ihr PrrMun/ril 
Kr I ml which dittrr from these drwrihed in the 
sN M's ISA Mamic-namr Instructions arr ihr tuning 
I'liardurr for ihr I.O's. ihr AKTS, and ihr TK cavity. 

i   Statih ;»» Imnimg HroirJurr. 

I '    I'M ihr •>• in Ii Heacon switch lo Search, 

i l|  Turn AH: Man   switch to Man. 

I 1)   Make surr thrrr arr crystals in ihr signal 
murr anal ihr AH   misers. 

i 11   i   -. ■ ■   II. i, t in RAFC: . rysial . in mi 

i*i   f i IM im i irads from a (ROm synchroscope 
i.«t   |HIIIII  »t   ihr  grul  of  iriggrr  tube  Vl  and 

K round 

'•'    lurn on poMt-r     Vi'jit s minute* and turn 
• ii  transmit!« i 

I ? I Turn search LO hm kling Mrrw all ihr way 
out luv ssrtneh ilam|>nl on side of AH. chassis), thit 
HM ihr Lf) easily to ihr high trrt|urncy rnd. 

iNi Slowly turn hu«kling screw in cluckwisr 
.lirixiHMi and at ihr sanir timr rapitlly swing ihr Kl 
iirirttor «ullage through ihr lid to I'M) suit rangr 
I»  mrans of ihr manual tuning  knots. 

I'll VI hrn signals show on ihr 'scope. ad|uM 
ihr hutkling wrrw and manual tuning knots roughly 
t" masimi/r ihr sifnal (See wasr forms of last para 
graph I 

i llli 'lurn oil transmittrr and turn ihr AH:- 
M m   twiuh to AH:. 

Ill) Starting from thr ritrrmr counters kick- 
»isr rnd. turn ihr RAH search swrrp pot iR2H> 
«In«It ikkkssist and otssrrsr ihr trysial eurrrnt mrirr 

1121 U hrn ihr swrrp approaches thr correct 
»alur. »rssial «urrrnt will ttmiuaii from /rro upwarils 
AdiuM ihr pot lo gisr masiraum flutluaiHin of ihr 

mrtrr 

(Ml No« turn on thr transmittrr and ihr 
K Ml   »,II lock 

i In * uh HAH kiskrd. ad|utl ihr sranh 
I«» hutkling wrrw to gisr a nuiimum crystal eurrrnt 

• ».ling on ihr mrtrr 

H'l Ad|u»t ihr I um KAI ( misrr coupling 
wrrw to gisr a crystal lurrrnt of .6 milliamprm. 
(Turning thr coupling screw into ihr duplescr causes 
less puwrr lu hr drlisrrrrd lo the ■. rt stal ) 

I 16) Put ihr i rt si.il i urrrni mrtrr into ihr 
signal crystal circuit f |ack im powrr plug panrl on 
haw of r-f unil i and adjuM the I O m signal miicr 
coupling tcrcw to give .6 mil. crystal current. 

ll' > Switch hack to manual tuning and oh 
serve the sequence of pulse* on the 'scopr as tuning is 
swept through the tntkir from high to low frequency. 
This sequence should hr as illustrated in thr preceding 
paragraph. If the sequence is mu as shown, the buck- 
ling screw has heen turned to» far clnckkwiae Ihas 
heen adjusted lo tune to the wrong sidehandl. and the 
tuning procedure should he repeated from (Ti ahove. 

b. Bravosi l.l> Turning Ptottamrt. 

{ I)  Turn Search-Beacon switch to Beacon. 

(2) Turn AM   Man  switch lo Man. 

(3) Make sure there are crystals in the signal 
mixer and the All   misers. 

(4) Ins* n meter in HAK   crystal circuit. 

(5» ( niiiuti leads from C.RO or synchroscope 
to the test point at the grid of trigger tube V i and to 
ground. 

(6) Turn on power. The transmitter need not 

he um» .1 on. 
C) lurn heacon l.O buckling screw about 

' .i lis of the way out (use wrench clamped on side of 
AFC chassis), this tunes the LO cavity to the high 
frrt|urncy rnd of the range 

(HI sin«» it lurn buckling screw ekickwise and 
ai ih« same time rapidly swing the LO reflector voltage 
through the —120 to —190 volt range by means of the 

manual tuning knob. 
(91 Approach to the correct tuning range is 

indicated by a current reading on the meler. Ad|ust 
the buckling screw and manual tuning knob to give 

in itiiiiimi current. 
(101  Turn the AFC-Man. switch to AFC. 

(II)  Pull out tube V2. 
112) Starting from the estreme counterckick- 

wisr pmitton. turn the heacun sweep potentiometer 
(R29) clockwise until crystal current shows (this 
will be fluctuating due lo the AFC ssvcepl. Adiust 
ihr pot. lo gisr masunum fluctuation. 

I I s i Rrmovr the milliameter from the BAFC 
crsstal circuit, put V2 back in it» suckrt. and HAH 

will lock. 
(14) Put a solimrtrr across the HAH crystal 

output Hhis is a |ack tilling). Ilse mrirr must hasr 
a high imprdancr in order not to loud «kiwn the crys- 
tal The soltage should he 2 lo 4 soils. Ad|ust the 
buckling wrew tor maximum soltagr 

A» 210 11 



(19) Adfraw IX»» ■%—I ihm cBfltog CTW 
(earning M caunrs MM pmn to be delivered to the 
crystal) sogive ■ crystal «mm of .6 milliamperes. 

(16) Switch bark to manual tuning and oh- 
■ot tbt sequence of wave form» on CRO at tuning 
M swept slowly through the mode from high to low 
hesnaincy. Tbk sequence ibould he at shown in the 
law paragraph. This n merely an auxiliary check, 
liace the BAFC locks only «t one frequency and there 
is a» possibility of tuning tu the wrong sideband. 

c. TR Tuning •*> Search 

(1) Turn Search-Beacon switch to Search. 
(2) Turn AFCMan. switch to AFC. 
(3) Turn on power. Wait 3 minute* and turn 

on transmitter. 
(4) Turn A-scope switch to position 1. Ad- 

just antenna to pick up echo signals, as observed on 
A-scope. 

(11 With a screwdriver, adjust the TR tuning 
•crew (located on TR box) for maximum signal 
height. For this purpose it is best to use a stationary, 
iliaisai target. Make sure that the signal being oh- 
served on the A-scope is not limiting in the receiver, 
by turning the receiver gain down until the signal 
height goes up and down as the gain control knob i» 
turned clockwise and counterclockwise. 

d. TR Tuning on Htacnn. 

This is done at the factory, but if any of the 
r-f eliastnts arc changed (LO's. 1R, etc.) the beacon 
TR tuning must he checked again. 

(I) Turn on the power. Turn Search-Beacon 
twitch to Beacon.   Turn AFC Mm switch to AFC 

(21 If a beacon is visible turn on transmitter 
and observe beacon signal. If no beacon is visible, a 
signal generator will have to be used; this signal gen- 
erasor should have a tunable oscillator (such as is in 

hVStw 

tbeTS-146/UPorTS-l47/UP). The signal generator 
teat signal will be coupled into the system through 
the wave selector. The transmitter may or may not 
have to be turned on depending on the signal genera- 
tor used. 

(3) Adjust the receiver gain or signal genera- 
tor output (or both) until signal« .In not limit on the 
A-scope. 

Ml With a screw -driver, adjust the tuning 
screw on ihr IK slug tuner rclav to give maximum 
signal height on ihe A-scope. 

Note: The tuning ol the IK and the slug tuner 
is not very critical. The maximum signal height 
occurs over a broad range of tuning and ii is best 
simply to adjust the tuning screws half way between 
the two points on each side where signals are first 
noticed to decrease. 

9.  Remnrini; ami Installing Special Tubes. 

The problem of installation is obviously the re- 
verse of removing. Since ihe Pressurized R-F Unit is 
delivered complete, attention here will he restricted to 
the removing of special tubes. 

a. TR Tuh,  I IBM». 
(1) Remove keep-alive cap. 
(2) Disconnect the signal and beacon i-f cables 

from the mixer. 
(3) Remove the four screws holding the TR 

rube in place (two of these must be reached through 
holes in the AH! chassis). 

(4) The TR lube will now slip out with a 
little careful rocking ol the lube and springing of the 
mixer away from the tube. 

b. ATR Take I IBM). 
Remove the two screws whoae washers hold the 

AIR tube in place. Remove the tube by pulling it 
directly along the axis of the pull-rod with a min in 
of rocking. 
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FIGURE  6-4    OUTLINE DRAWING OF COMPLETE ASSEMBLY 
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VII. UST Of DRAWINGS OF MECHANICAL AND EUCnUCAL 
COMPONENTS INVOLVED IN PRESSURIZED R-P UNIT 

MODIFICATION KIT 

(MOM of the following drawing» «re Radiation Laboratory pri—) 

R-P Unit Mechanical Asarmbly 
Drawing 

R-F Uan Base Plate 

R-F Unit Mechanical Parts Lin 
(include« parti drawings list) 

D-12807- A 

D-I2S07-C 

C-I2S07-B 

Tuning Wrench 

Junction Boa Bracket 

Shock Mount Adapter 

90  Type N Connector 

C-I3125-A 

A-14S49-A 

B-1049-B 

A-12609-A 

R-F Unit Presuming Gasket B-I2M7-J Miaer D-12705-A and P. L 

laaulUiion Mounting Frame S-I3664-A Dupleacr A-12666-AandP.L 

Direct ional Coupler 

lapui R-F Line 

B-13120-AandP.L 
<parti Im) 

C-13169-AandP.L 

Cryaul Holder 

Preamplifier Chaaw Sub 
Aiaembly 

C-12260-A 

B-12M0-A 

Rrachet for Waveguide TB^IJ7-A AFC Chassis Sub Assembly B-12993-A 

damp fnr Magnetron Line B-1SI«« -A and PL. Inatallation Wiring Diagram A-I3334-A 
Motor and Filler Bracket T-6U2-A Schematic Diagram of R-F Unit D-13423-A 
Antenna Support Rudi B-14072-A 

Schematic Diagram of Auxil- B.733-A 
Beacon Cavity Mount C-1J136-A iary Power Supply (Harvey 
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AUXILIARY POWER SUPPLY.  SCHEMATA DIAGRAM 
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